A (bromodifluoromethyl)alkyne has been deployed in a stereoselective route to difluorinated aldonic acid analogues, in which a Sharpless asymmetric dihydroxylation reaction and diastereoisomer separation set the stage for phenyl group oxidation. † Though there are hundreds of fluorinated sugars in the chemical literature, some of which have extremely useful properties, few have been made by the concise processing of readily-available fluorinated starting materials or building blocks. Fluorination approaches, in which an hydroxy group, or ketone carbonyl is exposed selectively to a fluorinating agent such as DAST or DeoxoFluor are much more common. 1 However, such methods lack the potential for stereodivergent synthesis; by this we mean that most syntheses start from an available sugar and deliver an unique product. Building block chemistry has the potential to generate families of related sugar analogues in high enantiomeric enrichment if suitable fluorinated materials can be transformed using the modern methods of asymmetric synthesis but aside from the asymmetric reductions of perfluoroalkylketones and related species, there are few useful methods. 2 Recently, we described the first racemic syntheses of 4-deoxy-4,4-difluorosugars from 1-bromo-1,1-difluoropropene and a protected glycolaldehyde derivative. 3 The target glycosides appear to be of growing interest with recent publications by Liu 4 and Mobashery. 5 However, our syntheses were racemic, with no obvious potential for the control of absolute configuration. Retrosynthetic analysis (Scheme 1), exploiting the well-known synthetic equivalence of the phenyl group for a carboxyl function, 6 suggested that alkynyl diol 1 could be a strategic precursor to a family of 4-deoxy-4,4-difluorosugars. Key steps would include the addition of the alkyne to a glycolaldehyde, stereoselective reduction to the E-alkene, Sharpless AD followed by diastereoisomer separation and oxidative cleavage of the phenyl group. Very few Sharpless AD reactions of fluorinated alkene substrates have been reported. 7 FMO influences upon the reaction are complex 8 so the effect of the CF 2 centre was hard to predict, though we assume that the presence of a phenyl group will facilitate the oxidation, and that our substrates will follow the usual behaviour of b-substituted styrenes.
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Kobayashi 9 developed propargylation reactions (Scheme 2) with 2a-2c for a synthesis of the sugar portion of Gemcitabine. 10 However, alkyne building blocks 2a-2c could only be synthesised in moderate yield. Hammond revisited this area profitably, developing an efficient synthesis of TIPS acetylene 2d, 11a and showing that it reacts under zinc 11b and indium 11c mediated conditions and can be used to prepare a range of functionally complex molecules 11d containing a CF 2 group. Alkyne 2a was prepared in modest yield by Wakselman and co-workers 12 from lithium phenylacetylide and dibromodifluoromethane; we found that pre-cooling the dibromodifluoromethane electrophile (to 278°C
) before addition to the lithioalkyne allowed 2a to be isolated in excellent (85%) yield after distillation on a 0.25 mole scale. Small scale ( < 5 mmole) additions of 2a to commercial glycolaldehyde proceeded smoothly under the Kobayashi conditions to afford 1, whereas the Hammond conditions delivered only diyne 4. On a 5 mmole scale, Kobayashi's conditions resulted in the formation of 1 in poor yield. A 24 reaction screen revealed two effective sets of conditions based upon the common use of zinc metal. The highest yielding reactions occurred with either 5% Hg(OAc) 2 /NaI/Zn in THF or 5% Hg(OCOCF 3 ) 2 /Zn in DMF. The former regime delivered a reliable 68-70% yield of 1 at scales between 1 and 89 mmole. We were unable to obtain any product at all under aqueous conditions.
The alkynyl group was reduced stereoselectively with Red-Al (72%), 13 and protection of the racemic diol as the acetonide 5 was achieved smoothly (95%). Sharpless AD occurred slowly unless Nmethane sulfonamide was present in the reaction. Pleasingly, the reactions reached completion after 3 days and were high yielding (83% for AD MIX-A, 91% for AD MIX-B). No advantage was gained by constant pH adjustment. 14 The two pairs of inseparable diastereoisomeric diols 6a and 6b were protected as the bis-acetonides (which were separated effectively by conventional flash column chromatography to afford 4 separate bis-acetonides 7a-8b (43, 41, 46 and 48% isolated yields in that order). The 1,3-anti (7a and 7b) and 1,3-syn (8a and 8b) diols have very different 19 F NMR spectra as described by Ishihara, 15 and we were able to obtain a crystal structure from 7b to confirm the assignment of relative configuration. ‡ § Samples of 7a and 7b were mixed and eluted through a Chiralcel OJ column; a good separation was obtained and the individual components were enantiomerically-enriched to a level of 95% from AD-mix b and 99.5% from AD-mix a. Unfortunately, we were not able to separate 8a and 8b using any column available to us, though the similar measured rotations show clearly that these products are not racemic and that the ee's are similar to those obtained for the separated isomers.
Oxidative cleavage of the phenyl ring has been reported in the presence of an acetonide protecting group. 16 We attempted the oxidation, believing that the presence of the CF 2 centre would make acetal cleavage more difficult by suppressing the pre-equilibrium protonation at the beginning of the hydrolysis pathway. However, a complex mixture of products was obtained from which we identified desired product 9, along with 10 and 11. Given the measured pH of 2.9 at the start of the reaction, acetal hydrolysis is not surprising, so the literature observation is remarkable.
Methanolysis of the bis-acetonide 7a and per-acetylation to 12 ¶ § set the stage for successful oxidative cleavage and 13 was isolated after work-up with TMS diazomethane (42% over 2 steps). No epimerisation was detected by GC or 19 F NMR. Exposure to catalytic K 2 CO 3 in methanol delivered a product with the mass (revealed by ES-MS) and NMR spectra of aldonic acid 14.∑ HMBC analysis was used to confirm the acyclic structure.
We have described the first total synthesis of a difluorosugar which gives rise to highly enantiomerically-enriched products. The method is direct and stereodivergent, assuming the other three diastereoisomers can be treated in the same way and breaks new ground in the stereoselective synthesis of difluoroanalogues of natural products.
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